We analyse product and process innovations in a monopoly model with vertical differentiation. The incentive towards both kinds of innovation is always larger under social planning than under monopoly. Therefore, the comparison between the two regimes' welfare performance should account for the possibility that the planner and the monopolist adopt different technologies and supply different product ranges.
Introduction
It is commonly observed that firms activate R&D portfolios including several innovation projects (Bhattacharya and Mookherjee, 1986; Dasgupta and Maskin, 1987) . R&D can be conducted along two different directions, namely, process and product innovation. The literature usually treats the two kinds of innovation separately, a relevant exception being Rosenkranz (1996) .
Our aim is to show that jointly investigating product and process innovations in a monopoly model with vertical differentiation can reshape some of the established wisdom in this field, dating back to Mussa and Rosen (1978) . In particular, we show that the social incentive towards both kinds of innovation is always larger than the private incentive characterising the profit-seeking monopolist. In turn, this implies that the efficiency comparison between the two regimes should take into account that they may differ with respect to both product range and technology.
The remainder of the note is organised as follows. The monopolist's optimal behaviour is laid out in Section 2. Section 3 investigates the inefficiency of monopoly as against the social optimum.
Monopoly optimum
Consider a simplified version of the vertical differentiation setting by Mussa and Rosen (1978) . At the outset, a monopolist sells a single good of quality q at price p. Production involves variable costs only:
] where x is the output level. Consumers are uniformly distributed with density 1 over the interval 0,u .
f g ] Hence, the total size of the market is u. Parameter u identifies each consumer's marginal willingness to pay. Each individual maximizes his net surplus, which is U 5 uq 2 p $ 0 if he buys, otherwise it is ] nil. Accordingly, the demand function is x 5u 2 p /q. Since p /q . 0, the market is only partially served. With a single product and the technology initially available, the monopolist's objective 2 function is P 5 ( p 2 q )x, where subscript sq stands for status quo and refers to the initial situation sq where the monopolist is a single-product firm with production costs as in (1). Equilibrium profits are ] ] 3 * * P 5u / 27. Optimal quality is q 5u / 3 (for computational details, see Lambertini, 1997) .
sq
In modelling innovation, we assume uncertainty away. R&D activity can be carried out along two directions, namely, product and process innovation. Product innovation can be illustrated as follows. When a second variety is introduced, the monopolist finds it optimal to modify the existing quality, supplying qualities q and q , with q . q . Restructuring production entails a cost m . 0. Process
innovation consists in changing the cost function from q x to tq x, with t [ (0,1). This cost abatement can be achieved by investing k, regardless of the number of varieties being supplied. In general, the monopolist may pursue both innovations. With two products, market demands are (25t); q 5 2u /(5t); q 5u /(5t)j (see Lambertini, 1997) . Profits (2) simplify to P 5u
k 2 m. Alternatively, the monopolist may choose to pursue either product or process innovation only. ] 3
*
In the case of product innovation, equilibrium profits are P 5u / 25 2 m. When process innovation
The optimal portfolio of innovations for the monopolist is summarised in the following:
Theorem 1. The necessary condition for both process and product innovations to be carried out in ] 3 equilibrium is k 1 m ,u (27 2 25t) /(675t If m , 2u / 675 and k .u (1 2 t)/(25t), the monopolist introduces the second variety, keeping the existing technology unmodified.
Proof.
To prove the theorem, we proceed in steps. Consider first the incentive to conduct costreducing R&D with a single variety. We have that
1t sq 27t
The incentive to carry out product innovation with the existing technology is summarised by the following:
21 sq
675
Then, examine the incentive to reduce production costs, provided the monopolist is willing to introduce a second variety:
2t 21 25t The incentive to expand product variety, provided the monopolist finds it profitable to reduce unit costs, is summarised by:
2t 1t 675t
Since t [ (0,1), condition (6) is less demanding than condition (4). Therefore, in evaluating sufficiency, we take into account (6). Finally, observe that
2t sq 675t This is a necessary but not sufficient condition for the firm to undertake both innovations. h
Welfare appraisal
We now proceed to evaluate the social damage associated with the monopoly equilibrium. To this aim, consumer surplus, with one or two varieties, can be computed as follows:
where a 5 ( p 2 p ) /(q 2 q ) and b 5 p /q . Social welfare is the sum of profits and consumer
surplus. Now define equilibrium social welfare and profits, gross of innovation costs, as SW and P ,ˆ* * respectively. Straightforward calculations show that, in general, SW 53P / 2, that is, gross social welfare in the monopoly optimum is 50% larger than gross monopoly profits. This suffices to prove that the social incentive to innovate is 50% larger than the private incentive. Now, turn to the situation where the planner controls prices and qualities and looks for the first best. To evaluate his incentives towards innovation, we calculate social welfare levels associated with one and two varieties, respectively, under marginal cost pricing. Moreover, on the basis of Spence (1975) where superscript SP stands for social planning. The relevant magnitudes when process innovation is not undertaken, obtain from (10) by setting k 5 0 and t 5 1. In any of the four possible cases, SPˆ* SW 52P , i.e., gross social welfare in the social optimum is twice as large as gross producer surplus in the monopoly optimum. This leads to the following:
Proposition 1. Evaluate social planning against the monopoly optimum. The social incentive to innovate in the former is twice as large as the private incentive in the latter.
As the proof entails simple algebra, we just illustrate the case of process innovation with one ] SP SP 3
variety. The social incentive is measured by SW 2SW , which is positive if k , 2u (1 2 t)/(27t).
1t sq
The r.h.s. of this inequality is twice as large as the r.h.s. in condition (3). The same holds in all other cases as well. The above proposition has some relevant bearings on the assessment of the social inefficiency of monopoly. In the existing literature (Mussa and Rosen, 1978; Maskin and Riley, 1984; Champsaur and Rochet, 1989, inter alia) , this evaluation is performed for a given technology, under the additional assumption that expanding the product range is costless, i.e., m 5 0. On these bases, one reaches the conclusion that the monopolist's quality range is wider than the socially optimal one, in that the monopolist aims at inducing self-discrimination among customers. Our approach allows us to raise two objections to the acquired wisdom. The first is that, for a given number of varieties, there are parameter ranges where the planner operates with a more efficient technology than the profit-seeking ] ] while the monopolist remains in the status quo, since the cost of product proliferation outweighs the private benefits associated with discrimination among consumers. Therefore, the different incentives towards innovation characterising monopoly and social planning may entail that one should compare the two regimes taking into account that both product range and technology can differ in ways that the literature has overlooked so far.
